The paper outlines a set of proposed visionary scenarios on how governance and policy modelling could develop by 2030. These scenarios have been designed through a foresight exercise conducted by the Institute for Prospective Technological Studies (IPTS) as part of the CROSSROAD Project, a support action of the European Commission 7th Framework Programme. After presenting the conceptual framework and methodological approach followed, the main results of the trends analysis conducted as part of the project are discussed. This entails the presentation of societal trends and a deeper analysis of policy and research trends that are considered central for understanding and mapping ICT research for prospective governance and policy modelling.
INTRODUCTION
According to the European Commission's 7th Framework Programme (Work Programme 2009-2010), ICT for Governance and Policy Modelling joins two complementary research fields, which have traditionally been quite separate: the Governance and Participation Toolbox including technologies such as mass conversation and collaboration tools; and the Policy Modelling domain including forecasting, agent-based modelling, simulation and visualisation. These ICT tools for governance and policy modelling aim to improve public decision-making in a complex age, make policy-making and governance more effective and more intelligent, and accelerate the learning path embedded in the policy cycle [10] . This paper is based on the findings of the Visionary Scenario Design conducted by the Institute for Prospective Technological Studies (IPTS) 1 as part of the CROSSROAD Project, an FP7 Support Action implemented during 2010. The main goal of CROSSROAD is to build a roadmap to provide strategic directions for future research in the area of ICT for Governance and Policy Modelling. This roadmap will provide: a shared vision able to inspire collaborative and interdisciplinary research between academia, business, civil society and government; and a useful tool for the support and orientation of policy-making.
CONCEPTUAL FRAMEWORK
From a theoretical perspective, there are many reasons and methods to develop forward-looking analysis to support policy decisions. The reasons stem primarily from the interaction between important technological and scientific applications and their wider implications for society. The interaction of science and technology with society is in fact very complex and its effects are often not immediate or direct, but are of second or third order, or occur after a substantial delay [7] . Policy-makers do not have the luxury of waiting until situations are clarified and until the effects are evident before they take decisions. Tomorrow's scientific and technological developments originate in the conditions established today. Therefore, policy-makers must explore the future in order to understand the relevant aspects and scope of the impacts of science and technology and their possible directions.
The history of forward-looking analysis and future studies spans several decades. Without entering into details beyond the scope of our analysis here, we can identify three main areas of futureoriented technology analysis: Technology Forecasting, which analyses conditions and potentials of technological development within a concrete framework; Technology Assessment, which supports decision-making by generating technology or problemspecific options arising from new developments; and Technology Foresight, which addresses the impacts of technological development on a broader scale [7] .
However, despite the fact that individual methods for futureoriented technology analysis already have a tradition in supporting policy-related decision making, the growing knowledge-intensity, the pace of technological and societal changes we are witnessing today, and the increasingly distributed and networked character of the economy and governance processes, cannot be explored using technology-oriented future studies only. A more comprehensive approach is needed. For this reason, the approach followed in the CROSSROAD project for designing visionary scenarios relies on foresight methods, which are based on a much broader concept than Technology Forecasting and Assessment. This approach implies a wide range of themes and stakeholders perspectives in order to examine the social and economic aspects of future technological developments. The process is highly interactive, open-ended and bottom-up in order to identify possible breakthroughs and explore implications and hypotheses that will support defining strategic directions and policy-related decision-making through the roadmap composition.
The aim of this phase of the research was in fact to conduct a visionary scenario analysis based on a foresight exercise including: 1) analysis of the key areas of expected change in the domain of ICT for governance and policy modelling to be placed in the context of various different future scenarios, and 2) envisioning, for each scenario, the risks and opportunities offered by ICT tools for governance and policy modelling, with respect to their contribution to overall EU policy goals as described in the EU 2020 strategy and particularly the European Digital Agenda. Within this framework, the main research question underpinning this paper is: Taking into account possible future scenarios, which may be radically different, what are the future needs for ICT tools for governance and policy modelling?
In order to answer this question, and also to study the current state of the art of the domain, an analysis of future needs, risks and opportunities under different conditions has been carried out and four visionary scenarios on how governance and policy modelling could develop by 2030 have been developed. The visionary scenarios design exercise resulted in four alternative exploratory scenarios and a set of application scenario storyboards designed interactively with experts.
METHODOLOGICAL APPROACH
With regard to the methodological approach informing the visionary scenarios design exercise, it must be underlined that foresight research comprises many different methods that can be categorised in several ways. Following the classification of [22] , a distinction can be made between a methods' orientation (normative or exploratory), its nature (quantitative or qualitative) and its essence (expert-based, creativity-based, interaction-based or evidence-based).
The objectives of a foresight exercise and the degree of uncertainty and complexity involved guide the selection of methods for a particular exercise. Scenarios are systematic visions of future possibilities. In foresight research, this usually means plausible possibilities that do not rely on extreme wild cards. They are used as tools for political or strategic decision making and to explore the future impact of particular decisions or developments. More specifically, Scenario building aims to identify uncertain developments in the future and include them as elements of the scenario narrative, [1] [2] .
In this regard, the Visionary Scenario Design conducted as part of CROSSROAD aimed to be: 1) evidence-based, as it builds upon the trends emerging from a policy review and trends analysis and the assessment of state-of-the-art research in ICT for governance and policy modelling; 2) expertise-based, as it includes the views of experts and further discussion held during a restricted workshop to validate the scenario design framework; 3) interactive-based, as it incorporates the inputs provided during the validation workshop and collected through online public consultation; and 4) creative-based, as it is based on 'creativethinking' from a series of brainstorming activities by the research team at the Information Society Unit, IPTS and CROSSROAD partners.
However, this exercise's time horizon (i.e. 2030) and the interrelationships between different developments affecting it (e.g. rapid developments in specific domains of ICT) make the future of this research domain dynamic, complex and uncertain, with little available evidence that can be used to predict or forecast these futures. It is therefore difficult to use quantitative methods. [3] describe this amount and type of uncertainty as a 'level 3', at which a range of different possible futures can be identified. They describe three types of appropriate foresight methods: scenario writing, back casting and early warning systems. As the last two approaches are often incorporated into scenario writing, the method of scenario design has been used for this exercise [2] [15].
The goal developed for the Visionary Scenario Design exercise was in fact to explore different possible alternative futures in the context of ICT for governance and policy modelling research (rather than predicting the future). It also aimed to elaborate on possible impacts on society that the future mainstreaming of ICT tools in this domain may have.
For this purpose, a 5-step methodology was followed: 1) a trend analysis to determine the developments considered to be key drivers for the future of ICT for governance and policy modelling, 2) selection of scenarios by determining main impact dimensions and key uncertainties, 3) writing of the scenarios, 4), outlining implications of the scenarios by expert consultation during the validation workshop and public consultation and 5) deriving conclusions for policy implications and research challenges [17] .
TRENDS ANALYSIS 4.1 Societal Trends
In order to formulate a set of uncertain developments that can be considered key drivers for future governance and policy modelling, an analysis of the main societal trends based on previous IPTS research was conducted [3] [4] [5] . This included an overview of relatively stable trends (such as climate change, ageing and others) to provide the context for the scenarios. The trend analysis covered 5 categories: social, technological, environmental, economical, and public values (STEEPV analysis).
As part of this analysis, around 30 existing foresight studies, trend analysis and scenarios were selected based on a combination of two criteria: 1) they involved ICT developments and 2) they involved governance-related issues. From the review of the selected studies, ca. 30 relatively stable developments and ca. 40 uncertain developments were identified. Most studies distinguished between relatively stable and uncertain trends, providing us with an initial list. For the remaining studies in which this distinction was less clear, the judgment was made based on comparison and similarities with other trends on the list.
Both the stable and uncertain developments were grouped together into 'clusters of influence', resulting in 5 clusters of (relatively) stable developments and 7 clusters of uncertain developments. For the stable developments, broad categories ('technological', 'demographic', 'social', 'environmental' and 'economic') were found to be sufficient. For the uncertain developments, these categories were too broad and needed more refinement. For these clusters, the emerging trends were further analysed in order to find their common or shared properties at a higher level of abstraction. (See Tables 1 and 2 ). 
Policy Trends
The IPTS review [3] [4] [5] of the main policy orientations for ICT for governance, emerging in the wider context of an evolving public sector, provided an overview of relevant government trends and normative policy visions within and across the European Union Member States on future public services. This background information is not only necessary to understand the societal and political context in which the more specific trends of ICT tools for governance and policy modelling take place, but also to detect divergences and synergies between various ICT trends and current developments in the public sector.
Indeed, governments in Europe face an increasing number of challenges such as ageing populations, immigration, climate change and globalisation, further reinforced by the financial crisis. The globalisation trend has limited the freedom of governments to manage their national economies and new challenges such as immigration and he ageing population seems to fundamentally affect the scope of public sector activities.
At the same time, society's expectations of public service delivery have by no means diminished as citizens from the 1980s onwards have become more concerned with choice and service quality. The paradox faced is one of open-ended demand versus a capped or falling resource share for actual delivery. Consequently, public administrations are under constant pressure to modernise their practices to meet societal demands with reduced budgets.
The core policy trends that can be depicted from this analysis have been identified below:
1. Greater transparency and accountability of the public sector: there is a demand for more transparent and accountable government. Many EU Member States have put transparency and accountability policies in place.
2. Improved accessibility of public services: an increased awareness and perception of the needs and wishes of citizens, has resulted in a drive towards more choice and accessibility of public services.
Quality, efficiency and effectiveness of the public sector:
Many policies aim to deliver cheaper solutions while ensuring quality. Increased attention is given to efficiency. This trend is particularly driven by dwindling public finances.
4. New models of governance and the emergence and active participation of new stakeholders: in most public sector domains, new partnerships are emerging, intermediaries are being involved and new stakeholder roles are being acknowledged. Citizens, civil society, advocacy groups are increasingly empowered to organise themselves and play a role in public service delivery.
Stronger evidence-based policy:
a resurgence of governance models that value principles such as accountability, monitoring and evaluation reaffirms the need for evidence-based policy for making informed decisions.
6. Citizens' empowerment, expression of diversity, choice: the role of users is being re-evaluated to acknowledge their new found skills and growing empowerment. The principles of facilitating increased participation, user-created content, user engagement, increased independence and ownership of public services applies to all public sector domains.
Improved digital competencies, bridging the digital divide:
as in all domains, ICTs are playing an increasingly important role in the provision of public services. In all sectors, questions arise as to the ICT skills citizens require in order access these services.
Promotion of independent living and self-organisation:
policy makers acknowledge the important role that ICTs can play for inclusion of all citizens and for achieving social equity and cohesion. In many countries, ICT policies aim to enhance the independence of citizens -for instance, the elderly or disadvantaged groups.
Research trends
Based on the analysis of the main findings of the review of stateof-the-art research in ICT for governance and policy modelling, the main impact dimensions and related emerging trends have been identified for each of the research themes that make up the research domain under investigation. The impact dimensions and related emerging trends have been further compared with selected normative visions proposed by experts in their position papers submitted to the CROSSROAD's Call for Contributions. They have also been considered in relation to the forthcoming trends resulting from the initial overview of the current funded FP7 projects. This analysis allowed us to define a preliminary but quite exhaustive list of impact dimensions characterizing the broad research domain under investigation. It also allowed us to identify common trends and cluster them into broad cross-cutting categories across different research areas, defined as key impact dimensions (see Table 3 ). 
VISIONARY SCENARIO DESIGN 5.1 Scenario Design Framework
The visionary scenario design developed as part of the research aims to provide a structured framework for analysis of current and future challenges in the ICT for governance and policy modelling research domain. It takes the "real world" (of today) and constructs images of potential worlds (of tomorrow) highlighting ways in which key uncertainties could develop. The aim is to present clues and key impact dimensions for building alternative visions of future worlds to be explored, hence increasing our ability to perceive the possible development path of ICT applications for governance and policy modelling in the years to come. Thus key considerations for the roadmapping of research in this domain are outlined.
Instead of attempting to forecast several future ICT-enabled scenarios, with the limitations of being bound by the environment of the forecasters themselves, we have chosen to define four distinctly different and radical views of what Europe's future governance and policy making system could be and consequently, what the implications would be for citizens, business and public services. The timeframe in which certain (and eventually all) of the visions' elements will occur are influenced by the technological and societal 'speed of change'.
However, considering the unprecedented growth and speed of take up experienced in several research themes under investigation and technologies enabling applications of ICT for governance and policy modelling (e.g. Social Computing, Mobile technologies, Pervasive Computing, etc.), we can argue that the world in 2030 will be radically different from the world today.
Following the mapping and analysis of the state of the art in the research themes related to ICT for governance and policy modelling and the identification of emerging policy and research trends, the main impacts on future research directions in this area have been defined. Based also on analysis of existing scenario exercises and the current shaping of policies and strategies for the development of the European Information Society (i.e. EU 2020 and the Digital Agenda for Europe) the impact dimensions identified have been refined and used to develop the visionary scenarios framework to depict possible state of the future Digital Europe.
In practice, today's key technology and societal trends can be distilled into two basic uncertainties about the way the European society and individual Member States will shape their policies and research agendas in the future [18] . In general terms, these uncertainties concern 1) the societal value system we will be living in (more inclusive, open and transparent or more exclusive fractured and restrictive), and 2) the response (partial or complete, proactive or reactive) to the acquisition and integration of participatory policy intelligence techniques in support of data processing, visualization and simulation for evidence-based policy modelling. The two axes that have been defined to represent the visionary scenarios design framework have been chosen to show the way in which different future societal and policy directions could develop.
The vertical axis regards the degree of Openness and Transparency of society, in terms of democratic and collaborative governance that could be further enabled by ICTs (up to the extreme of having traditional state functions completely replaced by non-state actors). This would happen by opening-up and linking data for re-use of Public Sector Information (PSI), characterized by open standards and principles of transparency and accountability in governance and public management. The openness paradigm is also expected to apply to the research and business community. This community could benefit (or not) from open innovation and social/business networks of collaboration, with users as co-creators of products and user-generated services delivered on a global scale, based on peer-to-peer social networks and on the reputation and trust generated. An important component will therefore depend on regulatory and technological solutions, and also the socio-cultural attitudes adopted concerning the basic digital rights underpinning the future Information Society. In fact, the concept of 'openness' we refer to here is not strictly related to technological solutions, but rather to the sociocultural and organisational (even philosophical, to a certain extent) aspects that can, of course, be enabled and supported by technological advancements.
The horizontal axis concerns the degree of integration of data and knowledge and the modalities for enabling participation of all stakeholders in the policy-design and decision-making mechanisms. This involves the possibility not only to mash-up data (enabled by ICTs) and information available from different sources in an 'intelligent way' (meaning efficient, effective and able to generate public value), but also to allow users as individuals, and/or as part of formal and informal social networks, to participate in the co-design of policies. The effects of legal and policy decisions could be simulated and visualized, and real-time monitoring and prior assessment of possible impacts on local, regional, national, pan-European and even global scales could be made possible. As a matter of fact, the dimension we refer to in the horizontal axis can also be associated with policy actors' capacity and willingness to redistribute power balances and change decision-making mechanisms in order to facilitate the redefinition of the basic freedoms of digital democracies in a collaborative fashion, up to the extreme of redesigning the traditional missions of the state and the role played by various governance stakeholders. Again, the driving force is not ICTs but rather societal changes in values, and attitudes and may even include new paradigms in terms of information management, knowledge sharing (expert vs non expert networks, for example) and resource allocation.
Scenarios for Digital Europe 2030
The visionary scenarios for the future of governance and policy modelling of Digital Europe 2030 are presented in Figure 1 In an Open Governance scenario, it is expected that by 2030, people's use of the Internet will have enhanced collective intelligence (both human and ICT-enabled) and users will have unprecedented access to information and knowledge, and be able to use policy modelling techniques to solve global challenges and perform in an efficient and effective manner daily business and leisure-related activities, as well as opening up for the provision of personalized and real-time public services. Governance processes and policy making mechanisms will be based on powerful ICT-enabled tools allowing simulation and visualization that will also enhance the development of intelligent systems capable of finding meaning in confusion and solve new problems, independent of human acquired knowledge. In brief, the resources of the Internet and the collective policy modelling capabilities will shift cognitive capacities, letting to machines the work of memorizing and processing data and information, while humans will be able to focus on critical thinking and develop new analytical skills.
New literacies will therefore be required to function in a world where the future Internet might change the very notion of information and knowledge management, where users are their own content creators, and this increases the need for 'filtering' data and information flows and assessing quality, dealing with information overload and risks of 'mass-distraction'. This will influence also the learning system of the future, characterised by a mix of formal and informal education processes, thus eventually affecting increase of working productivity and economic growth. The focus will be on the capacity to build and use social networks to help solve problems, as ICTs will more and more become and extension of individual and collective human intelligence [24] .
In general terms, governance processes and politics will be based more on visual representation and simulated storytelling than old fashioned written texts. A sort of 'screen literacy' will therefore emerge and ICT-enabled mechanisms for real-time representation of information and knowledge reasoning and rendering will be pivotal for communicating to citizens and integrating their feedback and argumentations, including exploring and analysing inputs and opinions provided through different medias and especially Social Computing and micro-blogging mobile systems that are expected to be widespread in society. The online engagement of citizens and various governance stakeholders will increase and new ways of producing and share knowledge in an open manner will mainstream, thus changing radically the traditional governance processes and decision making mechanisms [24] . This will also lead to the development of an era of open innovation, thus opening up unimagined opportunities for research and technological development. In this regard, it is expected that all institutions, public, private and third sector alike, will start listening more intently to their stakeholders, thus giving birth to a sort of 'molecular democracy' [21] .
Online cooperation and collaborative governance will increase becoming more functional, thus avoiding the possible 'Chaos Scenario' evoked by [14] in relation to the digital age. Online active participation in political, educational and social activities will increase as more people are connected and it will allow people to access relevant information to make informed choices and governments to take better and transparent decisions. This will facilitate the interaction between various stakeholders and the authority and governing structure of large organizations will witness profound changes in power relationships making more horizontal and participatory the decision-making processes, as ICT tools will allow collaborative and integrated management of data and information and a shift from experts to non experts knowledge increasing the demand for accountability and permitting the close evaluation of performance and to take into considerations the needs of multiple constituencies. In this context, one major driver of change is expected to be the release of public data and the development of local-based activities to exploit the reuse and link of data and information, rendering knowledge available and visual-user friendly to the vast majority of users [23] . Citizens, businesses and researchers will have direct access to the data and information they need and this will create new opportunities for people to interact with and influence governance and policy making processes, as well as advances in solving societal problems. The risk however will be that only the 'time wealthy' will have the possibility to engage and thus the degree of digital divide and digital inclusion will especially matter in this realm.
The Leviathan Scenario assumes the emergence of an 'enlightened oligarchy' using high-tech tools and systems to collect and manage information that is only shared within the government. Judgment and decision-making is based on analytical processing of factual information. This makes possible the emergence of 'Real-time governance', meaning that all aspects of government / citizen relationship (Finance, Health, Education, etc.) are controlled, to the benefit of the public, (e.g. Tax/salaries are not needed). All services are pre-offered, in a personalized way, without prior asking thus leading to great savings in time. In this context, citizens trust the government, and are in favour of giving away their rights (voting, privacy, etc.) and are generally (persuaded to be) happy with the situation, as no human-caused problems exists (but only external problems -caused by nature).
This situation could lead to a number of prospective opportunities for society, where the 'real-time governance' system is proactively demand-driven offering directions and services before being asked. Education, Health and Security are therefore radically improved; decision-making is based on analytical processing of factual information, thus no misleading decisions as objective information is diffused as everything is effectively controlled at central level. At the same time, emotions and thoughts are controlled and directed towards the public good and humans are generally (persuaded to be) satisfied with their lives. As a matter of fact, in this scenario, potential terrorist attacks and pandemic diseases are eliminated; emergency situations are managed in an optimum way, and in general terms humans have more quality time to devote to their real interests without wasting time in schools, training or even visits / acquaintances without purpose; industries effectively co-operate (instead of unfairly competing) as they are regulated by the state and integration and social cohesion are ensured by default. Complete documentation and processing of everything that happens in the real or virtual world is available for subsequent scientific research under the auspice of government.
On the other side, several risks are linked to this possible state of the future. Citizens are passive recipients of the decisions reached by information systems with the consent of an oligarchy. They don't sense any excessive passion and sentiment, but only controlled and often inertia feelings. Freedom of will is restricted as almost everything from birth to death is predefined and precalculated to optimize performance. Information overload at some point of time or potential failure of the information systems to respond to a critical, unforeseen situation would result in a chaos with human beings and devices not knowing how to respond. Safeguarding everything from human senses and brains to the social networks friends could lead to a kind of revolution, no matter how well the intelligent systems predict human behavior.
In this scenario, Europe becomes an autonomous world that abolishes freedom of circulation and travel beyond its borders. With a limited oligarchy setting and implementing the strategic policy priorities and controlling governance processes in full, with the support of special national secret police forces, no citizens' participation in everyday decision-making will be required or sought for. This means that governors model priorities in the objective function of the simulation and decision-making systems while citizen engagement tools are disappearing as social networks only serve the purpose of communicating and exchanging content. Full-scale 3D simulations and policy intelligence tools facilitate decision-making which is automatically running with the oligarchs typically simply approving its recommendations of the best policy option for the majority of citizens; services are provided proactively in a personalized way to the human beings and autonomous ICTenabled systems, thus, ensuring the elimination of corruption and an efficient resource planning and allocation.
In the Privatised Scenario, it is imagined that society is shaped through decisions which are taken by a group of business representatives and thus private companies are in control of governance, not governments. Discussion on societal aspects or about the role and behaviour of citizens is neglected as they are only chess pieces under the control of large corporations, thus eliminating any interaction and participatory mechanism with citizens and de facto eliminating democracy as we know it today. This will have a number of consequences, such as for example the emergence of new global pandemic disease which may appear easily because of the nomadic life style of many business people. Thus, companies will reach some agreement on health protection of their employees but this will not guarantee all the population.
ICT-enabled modelling, monitoring, simulation and decision support systems would be highly developed in this scenario by individual companies, but not necessarily integrated. Running billions of simulations to find best possible alternative for decision-making will require the establishment of co-opetition mechanisms, but this will not automatically allow avoiding risks. Simulations based on data gathered by sensors and collected from continuous monitoring and analysing networks, businesses, and customers, as well as the whole environment include information at global level, but still parceled and owned by corporations. For example, integrated Environmental Assessment using environmental models and impact assessment tools will permit to develop systems that will facilitate the estimation of possible risks and optimal business strategy planning for the individual companies, but this will require the development of sophisticated co-opetition mechanisms in order to gather as much information as possible (monitoring, sensing and spy systems) to protect their own databases and to maintain their performance in an highly competing and hostile environment. In this scenario, in fact, decision making is strongly dependent on the capacity of the ICT systems that facilitate decision making and are threatened by frequent terroristic attacks from independent groups and/or communities that can however be prevented by the deployment of ICT systems able to forecast cyber attacks through running social simulations. On the other hand, since media will be owned by large corporations and will generally support them, false and uninformative campaigns will take place and this will make emerge the need to verify all information and data made available. More importantly, and despite this scenario may also open up opportunities for high innovation due to the pressure given by competition on a free market also for basic research, several risks should also be considered especially with regard to the use of ICT for health and education for example, or for energy efficiency and to guarantee environmental protection and prevent possible natural disasters. In general terms, while ICT advances driven by private companies is expected to reach high levels of development in areas such as teleworking and telemedicine, or to deploy early warning systems to avoid global pandemic disease and disasters, assisted by real time decision support systems, these will imply an high cost for ordinary citizens and there are high risks of exclusion that could lead to a fragmented society where social welfare services are not guaranteed to all, thus exacerbating possible social tensions and conflicts.
The Self-Service Governance scenario embodies the vision of society with empowered citizens who take the roles of policy makers. Citizens put forward (within communities) their own policies in accordance with the do-it-yourself principle and choose from the variety of public services those they need and they consent to. This is also a society where freedom of expression is perceived as the supreme value and where the agency of the individual (the capacity of individuals to act independently and to make their own free choices) reigns over the structure (choices and opportunities are embedded in the system). This scenario introduces a vision of a self-organised society (with phasing out institutions) that is able to address emerging problems in a faster way than the classically defined government does. What is more, it may provide disparate solutions that could prove more robust and resilient in the face of crisis. Those who are not interested in the increased autonomy and empowerment would rather adopt a passive 'follow-the-group' attitude.
Nevertheless, this diversity of opinion stemmed from the existence of closed communities may result in deepening of existing divides and lack of societal cohesion. This implies further exclusion of those who lack e-Skills. High insularity of the society would afflict most severely migrants deprived of local social networks, running into communication problems due to the language and culture differences. However, thanks to the deployment of efficient translation tools, the dissipative communities may in the end create a vivacious cross-cultural and multi-language society. These closed communities may flourish thanks to the group thinking benefits but also decay due to the 'crowd stupidity' effect and lack of knowledge transfers. As this scenario implies existence of multiple divergent groups, there is a need of tools and functionalities that allows for a bridge linking these communities and allow for divergent thinking (e.g. 'people who like this usually totally overlook that'). Furthermore, the process of gradual disappearance of institutions and lack of trust in government results in the need of new trust providers. It means that reputation management, applied to both content and people, plays a significant role in the service provision. Reputation tools may be delivered either by different systems depending on a community or trough social pattern recognition. Moreover, one's identity would comprise of different privacy layers that are shared with different groups and individuals on a case-by-case basis. Authentication would be granted by communities themselves which may result in the complete lack of intra-communication and hinder the transferability of trust across people and groups.
The abundance of information produced and available online by citizens will exacerbate the problem of information overload. Therefore, people would be unable to navigate through the different opinions expressed by thousands of citizens, thereby restricting their focus on local networks only which may increase the 'crowd stupidity' effect. What is more, the multiplication of communities based on particular interests conducts to the impossibility of aggregating opinions of users from the EU Member States and the global virtual communities and therefore inability to address collective issues. The fragmentation of communities is likely to hinder the capacity to tackle systemic challenges such as scarcity of natural resources. At the same time, there is still a possibility that the majority of citizens are not interested in the participation in the governance due to the lack of engagement culture. For that reason, new leaders could emerge who may unify disparate groups but also damage the subtle equilibrium of the self-service and collaborative-based culture. Finally, this scenario entails the end of centralised, governmentcontrolled education. The predominance of open knowledge paradigm paves the way to the creation of self-managed communities of learners that share information, co-build curricula and co-deliver training. Even though this new system allows for the existence of the open, lifelong process of acquiring skills, it generates a set of different competing and not harmonized training schemes and accreditation systems. Concurrently, it may incur the disintegration of common civic values, as the education system nowadays is still an efficient tool to build shared values.
CONCLUSIONS 6.1 Key Areas of Expected Change
The influences and drivers of innovation and new organisation of public sector, combined with the increased pressure that most welfare states are under, not only result in new changes, they also change the pace with which the welfare state is adapting to the new environment, new roles and new engagement with stakeholders and ''customers''. They include, across the domains, globalisation, ageing population, heightened expectation from users of services from the government, the demand for new skills, as well as the opportunities deriving from the Information Society. Overall, the picture emerging from the trends analysis in the ICT for governance and policy modelling domain in Europe can be summarized into three key areas of expected change: 1) Changing view and increased awareness of the needs and wishes of the users of services -citizens, businesses, administrations -with the consequence of introducing more choice, addressing user involvement and new processes of engagement, but also of seeing the users in a new light, that acknowledges their new skills, and demand of skills, as well as matching their growing empowerment. The principles of facilitating increased participation and user created content, engagement and ownership of public services applies to the overall governance process and policy-making mechanisms.
2) New governance models that introduce principles of efficiency, effectiveness, quality assurance and evaluation, as well as evidence-based policy as a necessity for making informed decisions. Included in this trend is the impact of dwindling public finances and new ways to ensure value for money and quality in the delivery of services and efficient and effective organisation of the public administration to provide cheaper solutions and organise itself in a way that is more effective, interoperable and allows economies of scale. Strictly related to this trend is the fact that new partnerships are emerging through the involvement of intermediaries and allowing new stakeholder roles. ICTs and especially collaborative technologies that facilitate user-generated content, co-design and co-delivery of services are therefore key drivers in this respect.
3) Further reinforcement of the digitisation of services, processes and interactions. Policies and trends in the ICT sector show a consistency in agenda and policy direction, with many of the core principles applying right across the public sector in terms of redesigning governance processes and policy-making mechanisms.
These areas of change have impact on and pave the way for increased openness of the public sector, greater participation, involvement of the users, new roles, as well as the need for more integrated and intelligent policy-making mechanisms.
Future Research Challenges
In general terms, we should underline that the Internet as we know it today, is already a remarkable catalyst for creativity, collaboration and innovation providing us with amazing possibilities that just two decades ago it would have been impossible to imagine [8] . If one could take a trip back in time and say to people that in 2010 even a child can access for free a satellite image of any place on earth, interact with other people from everywhere and query trillions of data all over the globe with a simple click on his/her computer they would have said this is science fiction! [13] . CROSSROAD's ambition is to prepare today a similar trip into the future. The visionary scenarios developed aimed at defining how governance and policy modelling could develop twenty years from no, so to identify what research needs are required to be addressed by the research community. Challenges in the emerging domain of ICT for governance and policy modelling in fact are huge and complex and cannot be dealt in isolation. A strict relationship also exists with the broader task of envisioning and developing the Future Internet [9] . As a matter of fact, the Internet was never designed to serve massive scale applications with guaranteed quality of service and security. Emerging technologies like streaming high quality video and running 3D applications, or applications to enable mass collaboration, data processing, simulation and visualization through complex modelling, face severe constraints to run seamlessly anytime, everywhere, with good quality of services.
European scientists proved to be at the forefront of ICT research since the invention of the web and the rapid technological developments of the last 20 years [6] . It is now time to bring together different research disciplines that could contribute to take advantage of the opportunities of ICT for better governance and policy modelling, and at the same time overcome the possible risks linked to the mainstream in society of large scale applications in this domain. In addition to this, and from a ICT infrastructure perspective, we should also consider that the current Internet, as an ubiquitous and universal means for communication and computation, has a series of inherent unresolved problems, and it is expected to reach soon both its architectural capability limits and its capacity limits [20] . The future development of the Internet infrastructure will have also to deal with the complementary advancements in technological applications and groundwork that has been in place for years now and that should yield innovation in the future [25] . More-powerful devices, evencheaper netbooks, virtualization and cloud computing (including portable solutions), reputation systems for social networking and mass collaboration tools, as well as the proliferation of sensors, reporting and decision support systems, do-it yourself embedded systems, robots, sophisticated algorithms for processing data and performing statistical simulation and analysis, visualization tools to report results of these analysis, affective technologies, personalized and location-aware services, facial and voice recognition systems, electronic paper, anomaly-based security monitoring, self-heating systems and other, are expected to mainstream in the next 20 years.
But more important than network requirements and technological applications, the consideration of socio-economic aspects in the development of future ICT tools for governance and policy modelling appears of crucial importance. Socio-economics as a multi-disciplinary field, which cuts across all research areas of the ICT for governance and policy modelling domain, entails research challenges that in this context are manifold [11] . Suitable governance and policy making mechanisms need to be designed which will provide appropriate incentives for participation, but at the same time ensuring security as well as avoiding risks of enlarging digital exclusion for example. Legal and regulatory issues such as digital rights, privacy and data protection, have also to be taken into consideration, as the demand for trust establishment in the governance realm may increase (or shift) as its usage scenarios change [8] . For example, an ever increased openness of ICT-enabled governance and policy modeling mechanisms, and the criticality and value of the transactions conducted over the open platform that may be used for this purpose, may create incentives for malicious use of data and information. While security technologies will be developed to address the technological challenges linked to this, additional risks on trust are imposed by the specific domain under investigation, mainly due to the potential pervasiveness, large scale and involvement of users. The challenges include, for instance, the design of identity management systems capable of dealing with billions of entities, and their different roles in the governance sphere, the trustworthiness and control of distributed applications based on services offered through open service delivery platforms, and the secure and trusted interaction with real-world objects and entities through sensors and actuator network infrastructures.
The opportunities the future ICT tools for governance and policy modelling opens for individuals, businesses and governments are huge but will only be taken if appropriate conditions and 'governance models' are developed. The expectations in fact are that ICT tools for governance and policy modelling will force change in institutions, no matter how resistant they are. And whether it could be predicted that governments that redefine their relationship with their stakeholders will be the ones to succeed, the market will still drive that process in the commercial domain. Tensions may emerge as stakeholders know more and more about the organization that are trying to serve them [21] . In the longer term it can also be expected that governments will embrace more 'networked-governance' structures, but a struggle will still unfold between traditional bureaucratic systems and network-based mechanisms as to which is the best way to organize people, knowledge and service delivery [4] . As a matter of fact, changes in governance structures and processes may well occur in phases in response to pressures wrought up by new ICT tools and emerging societal behaviours.
At the same time it seems that an increasing demand from the scientific and business community, as well as from civil society organizations and citizens groups themselves will drive the emergence of 'experimentally-driven research', to address broad governance and policy-making challenges, developing and applying ICT tools and applications to exploit the full value of the mass collaboration and open and participatory paradigm underpinning the future technological developments and governance directions in Europe. This would eventually allow for testing new ICT-based solutions and models for collaborative governance and participatory policy modelling, permitting socioeconomic impact assessment of future societal changes [12] . This last issue entails the need of building upon the momentum that the domain of ICT for governance and policy modelling has been recently gaining, through the CROSSROAD community. In order to further bridge the gap between various stakeholders and between long-term research and large-scale experimentation, so to enable cross-fertilization across different scientific disciplines and integration of resources, special emphasis should be put on fostering common research results, creating value for the EU research community concerned, avoiding fragmentation of research efforts and implementing a joint strategic research agenda for the future of ICT for governance and policy modelling in support of the building of Digital Europe 2030.
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